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6 Unit energy consumption refers to the annual energy use of a given appliance. 
7 Weighted average UECs were calculated by multiplying the average end use UEC by its saturation across all 
California households (i.e., the product of the first two variables in the right side of Equation 1). The 95% 
















Space heating (conventional) 78 64 94 
Space heating (heat pump) 12 6 18 
Auxiliary space heating 59 49 68 
Furnace fan 76 66 88 
Central air conditioning 507 387 630 
Room air conditioning 31 18 44 
Evaporative cooling 25 17 35 
Water heating 167 126 214 
Dryer 192 175 211 
Clothes washer 80 74 86 
Dish washer 47 43 51 
First refrigerator 789 736 842 
Additional refrigerator 212 189 237 
Freezer 168 150 188 
Pool pump 240 208 274 
Spa 37 32 43 
Outdoor lighting 143 131 154 
Range/oven 110 100 120 
Television 466 433 499 
Spa electric heat 68 51 86 
Microwave 126 117 135 
Home office equipment 27 24 30 
Personal computer 390 360 420 
Water bed 16 9 24 
Well pump 34 26 43 
Interior lighting and misc. 1832 1703 1960 
Total electricity use 5932 5697 6172 
                                                 
8 Streiner (1996) provides a helpful review of the use of standard errors for constructing confidence intervals from 
survey data, and their difference from the standard deviation.  
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Space heating 188 165 211 
Water heating 189 163 215 
Dryer 13 11 14 
Range/oven 31 28 34 
Pool heating 7 4 9 
Spa heating 4 3 5 























Table 3: Estimated average GHG emission factors for California household 
energy use 
95% Confidence Interval 
Emission factor Unit Value Lower Upper 
Electricity kg CO2e/kWh 0.40 0.38 0.44 
Natural gas kg CO2e/therm 5.92 5.71 6.34 
































                                                 





















































Manufacturing (electricity, natural gas, coal, and petroleum) 
Conventional Boiler Use Facility HVAC 
CHP and/or Cogeneration Process Facility Lighting 
Process Heating Onsite Transportation 
Process Cooling and Refrigeration Conventional Electricity Generation 
Machine Drive Other 
Electro-Chemical Processes   
Commercial (electricity) 
Space Heating Cooking 
Cooling Refrigeration 
Ventilation Office Equipment 
Water Heating Computers 
Lighting Other 
Commercial (natural gas) 
Space Heating Cooking 
Water Heating Other 
Agriculture (electricity, natural gas, petroleum) 
Motors Machinery 
Lighting Other 
Onsite transport   
Water treatment (electricity) 





















































































Table 5: Estimated average GHG emission factors for supply chain fuel 
use 
95% Confidence Interval 
Fuel 
kg 
CO2e/MJ Lower Upper 
Natural gas 0.056 0.054 0.058 
Coal 0.098 0.095 0.101 
Liquefied petroleum gas 0.069 0.068 0.073 
Motor Gasoline 0.074 0.073 0.075 
Distillate Fuel 0.072 0.071 0.074 
Residual Oil 0.077 0.076 0.079 
















































































                                                 
13 Weber and Matthews (2008) estimated that roughly 30% of the supply chain GHG emissions associated with the 
purchase of goods and services by U.S. households occurs outside U.S. borders. In the future, the modeling 
framework developed in this project could be coupled with MRIO models (such as those discussed in Weber and 
Matthews 2008) to estimate supply chain GHG emissions, and GHG emissions reduction potentials (see Section 4) 
in a more accurate, country-specific fashion. 
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generated  for  the  food  and beverages  at home  (+30%/‐10%)  and household  services  (+/‐30%) 
categories are fairly substantial. The major source of  identified parameter uncertainty for both 
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of  these  consumption  categories  were  found  to  be  the  non‐energy  GHG  emission  factor 
assumptions in Equation 3, specifically the U.S. EPA (2004) GHG estimates for agricultural soil 
management and enteric  fermentation  (important  for  food  items) and  for  landfills and water 
treatment (important for household services).  
The net  effects of parameter uncertainty  for non‐energy GHG  emission  factors  in  the  supply 
chain model are underscored  in Figure 5, which  summarizes  the average  supply  chain GHG 
emissions  estimates  by  emissions  source. Of  the  total  annual  household  supply  chain GHG 
emissions  (15,500  kg),  roughly  two‐thirds  (9,900  kg)  are  estimated  to  come  from  fossil  fuel 
sources and one‐third (5,600 kg) are estimated to come from non‐energy related GHG emission 
sources.  However,  the  majority  of  the  identified  parameter  uncertainty  in  the  supply  chain 























































Table 6: Estimated annual supply chain electricity related GHG emissions per household 
by end use 
95% C.I. 




Total Lower Upper 
Manufacturing Machine Drives 751 20% 651 850 
  Process Heating 147 4% 1 168 
  Process Cooling and Refrigeration 130 3% 108 151 
  Facility HVAC 127 3% 108 145 
  Electro-Chemical Processes 114 3% 101 127 
  Facility Lighting 99 3% 88 110 
  End Use Not Reported 52 1% 39 65 
  Other Facility Support/Uses 41 1% 35 48 
Commercial Lighting 606 16% 533 685 
  Cooling 268 7% 231 304 
  Ventilation 251 7% 216 289 
  Refrigeration 206 5% 161 256 
  Other 200 5% 174 226 
  Computers 111 3% 97 125 
  Space Heating 80 2% 68 91 
  Office Equipment 42 1% 37 47 
  Water Heating 40 1% 35 45 
  Cooking 28 1% 25 31 
Agricultural Other 259 7% 228 287 
  Motors 33 1% 29 36 
  Lighting 15 0% 13 16 
  Machinery 7 0% 6 8 
Water treatment Motor systems (pumps) 8 0% 7 9 
  Other 1 0% 1 1 
Unclassified Unclassified 165 4% 146 184 







Table 7: Estimated annual supply chain natural gas related GHG emissions per household 
by end use 
95% C.I. 





Manufacturing Process Heating 411 16% 387 441 
  Conventional Boiler Use 253 10% 230 284 
  CHP and/or Cogeneration Process 134 5% 128 142 
  Facility HVAC 59 2% 54 63 
  End Use Not Reported 22 1% 18 26 
  Machine Drive-Total 21 1% 20 23 
  Conventional Electricity Generation 10 0% 10 11 
  Other Process Use 9 0% 8 10 
  Process Cooling and Refrigeration 8 0% 7 9 
  Other Facility Support 7 0% 6 8 
Commercial Space Heating 637 25% 567 717 
  Water Heating 83 3% 75 94 
  Other 61 2% 59 65 
  Cooking 43 2% 36 51 
Power Electricity generation 526 21% 507 549 
Unclassified Unclassified 251 10% 242 261 






Table 8: Estimated annual supply chain coal related GHG emissions per household by end use 
95% C.I. 





Manufacturing Process Heating 184 5% 159 208 
  CHP and/or Cogeneration Process 181 5% 159 202 
  Conventional Boiler Use 86 2% 76 95 
  Other 55 1% 47 62 
Power Electricity generation 3150 85% 3020 3254 
Unclassified Unclassified 38 1% 34 41 









Table 9: Estimated annual supply chain petroleum related GHG emissions per household 
by end use 
95% C.I. 





Manufacturing Process Heating 132 5% 118 149 
  Conventional Boiler Use 102 4% 86 120 
  Other 85 3% 64 107 
  CHP and/or Cogeneration Process 55 2% 49 63 
  Onsite Transportation 51 2% 46 57 
Agricultural Other 188 7% 184 195 
  Motors 73 3% 71 76 
  Machinery 40 1% 39 41 
  Onsite transport 7 0% 7 8 
  Lighting 1 0% 1 1 
Transportation Truck 325 12% 318 336 
  Air 164 6% 160 170 
  Other 109 4% 106 113 
  Rail 65 2% 63 67 
  Water 54 2% 53 57 
Mining and 
Construction Unclassified 256 9% 246 270 
Power Central electrical power generation 106 4% 104 110 
Unclassified Unclassified 1000 36% 973 1037 






























































End Use Technology Measure Savings Source(s) 
Electricity 
Central A/C Upgrade to SEER=15 split system 13% North (2008); Itron and KEMA (2008) 
Clothes 
washer 
Horizontal axis with improved 
motor 
50% Brown et al. (2008) 
Dishwasher 
Upgrade to ENERGY STAR (EF 
=0.58) 
15% RLW Analytics (2008); North (2008) 
First 
refrigerator 
Upgrade to ENERGY STAR 15% 
North (2008); Itron and KEMA (2008); U.S. 
EPA (2008b) 
Freezer Upgrade to ENERGY STAR 15% 
North (2008); Itron and KEMA (2008); U.S. 
EPA (2008b) 
Furnace fan High efficiency motor 25% Brown et al. (2008) 
Interior 
lighting  
Compact fluorescent bulbs 50% 
North (2008); Itron and KEMA (2008); Brown 
et al. (2008) 
Personal 
computer 
Energy Star PCs and power 
management 
50% Brown et al. (2008) 
Pool pump Two-speed pool pump 49% North (2008) 
Second 
refrigerator 
Use first refrigerator to replace 
second 
33% KEMA (2008) 
Television Reduced standby power losses 25% Brown et al. (2008) 
Water heating 
Upgrade to high efficiency 
(EF=0.63) 
5% Itron and KEMA (2008) 
Natural Gas 
Water heating 
Upgrade to ENERGY STAR (EF 
=0.67) 
12% North (2008); U.S. EPA (2008b) 
Space heating 
Upgrade to ENERGY STAR 
(AFUE=90%) 
11% RLW Analytics (2008); U.S. EPA (2008b) 









Table 11: Commercial technology measure assumptions 
End Use Technology Measure Savings
Electricity 
Computers ENERGY STAR PCs and monitors, power management enabled 60% 
Cooking ENERGY STAR dishwashers, fryers, hot food holding cabinets 32% 
Cooling Improved HVAC systems and controls 48% 
Lighting 
T-8 lamps with electronic ballasts, occupancy controls, daylight dimming, 
improved lighting design 
25% 
Office Equipment ENERGY STAR copiers and printers 25% 
Other More efficient motors in ceiling fans, pool pumps, other applications 35% 
Refrigeration 
High efficiency upgrades to walk-in and reach-in coolers and freezers, ice 
machines, etc. 
38% 
Space Heating Improved HVAC systems and controls 39% 
Ventilation Improved HVAC systems and controls 45% 
Natural Gas 
Space Heating Improved shell, HVAC systems, and controls 47% 
Water Heating Higher efficiency storage and instantaneous units 10% 
Other 10% reduction in miscellaneous gas use 12% 



















Table 12: Industrial technology measure assumptions for thermal processes 
Natural gas, coal, and petroleum 
2002 IO sector(s) Steam systems Process heat HVAC 
311, 312: Food and beverage 18% 18% 25% 
313, 314: Textile mills and products 18% 18% 19% 
315: Apparel 18% 12% 19% 
316: Leather products 18% 24% 10% 
321: Lumber and wood products 18% 12% 33% 
322: Paper 13% 40% 33% 
323: Printing 18% 10% 14% 
324: Petroleum and coal (fuel) 12% 23% 21% 
325: Chemicals 12% 18% 9% 
326: Plastics & rubber 18% 11% 18% 
327: Nonmetallic mineral 18% 16% 20% 
331: Primary metals 18% 10% 22% 
332: Fabricated metals 18% 10% 22% 
333: Machinery 18% 10% 10% 
334: Computer & electronics 18% 10% 13% 
335: Electrical equipment 18% 10% 18% 
336: Transportation equip 18% 11% 17% 
337: Furniture 18% 10% 14% 
339: Miscellaneous 18% 10% 18% 
Sources for savings estimates  IO 322, 324, and 325: 
U.S. DOE (2002) 
All others: 
Einstein et al. (2001) 
 IO 322: 




U.S. DOE (2004) 
IO 327: 
Rue et al. (2007) 
Martin et al. (1999) 
IO 331: 
Choate et al. (2003) 
Stubbles (2000) 
Worrell et al. (1999) 
All others: 















Table 13: Industrial technology measure assumptions for electricity 
Electricity 
2002 IO sector(s) 
Motor 
systems HVAC Refrigeration Lighting 
311, 312: Food and beverage 12% 14% 15% 16% 
313, 314: Textile mills and 
products 14% 13% 10% 16% 
315: Apparel 14% 14% 14% 16% 
316: Leather products 12% 10% 10% 16% 
321: Lumber and wood products 9% 8% 27% 16% 
322: Paper 14% 25% 15% 16% 
323: Printing 12% 9% 14% 16% 
324: Petroleum and coal (fuel) 20% 15% 15% 16% 
325: Chemicals 16% 14% 15% 16% 
326: Plastics & rubber 15% 10% 21% 16% 
327: Nonmetallic mineral 15% 7% 25% 16% 
331: Primary metals 12% 13% 14% 16% 
332: Fabricated metals 16% 11% 17% 16% 
333: Machinery 15% 10% 6% 16% 
334: Computer & electronics 23% 7% 11% 16% 
335: Electrical equipment 13% 9% 21% 16% 
336: Transportation equip 15% 9% 20% 16% 
337: Furniture 13% 10% 9% 16% 
339: Miscellaneous 15% 7% 5% 16% 
Sources for savings estimates  All: 
Xenergy (2002) 
 All: 








Table 14: Agricultural and water treatment motor technology measure 
assumptions 
IO sectors Fuel Savings Source(s) 
Agricultural Electricity 18% Brown and Elliott (2005a, 2005b) 
Agricultural Petroleum 23% Brown and Elliott (2005a, 2005b) 


























































































































































































































































































































































































































































































































312120  Breweries   83.27  3.30  Food and non‐alcoholic beverages at home 
312130  Wineries   55.68  2.17  Alcoholic beverages and tobacco 





313210  Broadwoven fabric mills   2.15  0.08  Clothing and footwear 
314110  Carpet and rug mills   19.22  1.88 
Household furnishings, equipment, and 
maintenance 












































































































































































































































































































































484000  Truck transportation   33.13  0.89  Miscellaneous goods and services 
491000  Postal service  71.24  2.50  Miscellaneous goods and services 
493000  Warehousing and storage   0.55  0.02  Clothing and footwear 
511110  Newspaper publishers   46.27  0.90  Recreation and culture 
511120  Periodical publishers   21.29  0.41  Recreation and culture 
511130  Book publishers   67.38  3.03  Recreation and culture 














































541920  Photographic services   20.42  1.74  Recreation and culture 













































































812900  Other personal services   48.55  2.74  Miscellaneous goods and services 

















































33221B  Handtool manufacturing   4.02  0.13  Miscellaneous goods and services 
33329A 
Other industrial 
machinery manufacturing  
2.65  0.10 
Household furnishings, equipment, and 
maintenance 
33331A 
Vending, commercial, 
industrial, and office 
machinery manufacturing 
9.97  0.37  Miscellaneous goods and services 
33451A 
Watch, clock, and other 
measuring and 
controlling device 
manufacturing 
8.58  0.31  Clothing and footwear 
33712A 
Metal and other 
household furniture 
(except wood) 
manufacturing 
33.52  1.53 
Household furnishings, equipment, and 
maintenance 
33721A 
Wood television, radio, 
and sewing machine 
cabinet manufacturing 
13.61  0.57  Recreation and culture 
33999A 
All other miscellaneous 
manufacturing  
77.76  2.52  Miscellaneous goods and services 
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2002 
IO 
Sector 
IO Sector Description 
2002 
Expenditure 
($ Producer 
Price) 
Standard 
Deviation 
Consumption Category 
48A000 
Scenic and sightseeing 
transportation and 
support activities for 
transportation  
6.66  0.57  Recreation and culture 
52A000 
Monetary authorities and 
depository credit 
intermediation  
4163.38  87.33  Miscellaneous goods and services 
532A00 
General and consumer 
goods rental except video 
tapes and discs  
10.52  0.34  Miscellaneous goods and services 
611A00 
Junior colleges, colleges, 
universities, and 
professional schools 
1001.74  62.16  Education 
611B00 
Other educational 
services  
51.30  3.52  Education 
621A00 
Offices of physicians, 
dentists, and other health 
practitioners  
479.82  16.38  Health care 
621B00 
Medical and diagnostic 
labs and outpatient and 
other ambulatory care 
services 
9.46  0.32  Health care 
713A00 
Amusement parks, 
arcades, and gambling 
industries 
57.99  2.62  Recreation and culture 
7211A0 
Hotels and motels, 
including casino hotels  
252.87  13.23  Restaurants and hotels 
813A00 
Grantmaking, giving, and 
social advocacy 
organizations 
675.48  36.87  Miscellaneous goods and services 
813B00 
Civic, social, professional, 
and similar organizations 
44.32  2.40  Miscellaneous goods and services 
S00203 
Other state and local 
government enterprises 
1306.12  32.27  Miscellaneous goods and services 
S00500 
General Federal defense 
government services 
2676.01  43.66  Miscellaneous goods and services 
 
